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A B S T R A C T
The International Life Sciences Institute Crop Composition Database (ILSI-CCDB) Version 5 was released
to the public in October 2014, and is an open-access source of comprehensive nutritional composition
data for six conventionally bred crops (canola, cotton, ﬁeld corn, rice, soybean, and sweet corn). Some
notable features include a substantially greater amount of data (842,500 data points, a seven-fold
increase compared to Version 4) as well as data for three additional crops (canola, rice, and sweet corn).
For each additional crop, the appropriateness of each nutritional component and analytical methodology
were carefully evaluated by a working group consisting of members representing academia, government
agencies, and the agricultural and food industries. Rigorous data validation and quality control processes
were established. Literature references for the analytical methods represented in the database were
standardized and consolidated, allowing faster data upload for data providers and increased clarity for
database end-users. Data quality checks were conducted on all data to identify and correct any errors that
may have occurred during upload and subsequent handling in the database. The result of these efforts is a
database with increased utility and ease of use that provides a high quality representation of variability in
crop nutritional composition.
ã 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The International Life Sciences Institute Crop Composition
Database (ILSI-CCDB)1 is an open-access database that is managed
by the International Life Sciences Institute Research Foundation
through its Center for Safety Assessment of Food and Feed (CSAFF),
and contains a compilation of nutritional composition data for six
conventionally bred crops. The ILSI-CCDB includes a comprehen-
sive proﬁle of nutrients, bioactive substances, and secondary1 http://www.cropcomposition.org.
der the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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animal nutrition for each of these crops (OECD, 2002, 2004a,b,
2011, 2012). The data were compiled from numerous submitters
that are actively engaged in agricultural research (Alba et al., 2010;
Ridley et al., 2004) and have met rigorous and clearly deﬁned
experimental design, sample collection, sample analysis, and data
acceptance criteria. All data were derived from crop samples
generated in controlled ﬁeld trials, and all sample analyses were
conducted using internationally accepted and validated method-
ologies.
The published data have been standardized and can be
comprehensively extracted according to user-selected search
criteria for use in academia, by government agencies, in the
agricultural and food industries, and by the general public.
Database queries can be ﬁltered using metadata such as the ﬁeld
trial year, ﬁeld trial location, and the analytical method associated
with each data point. To allow better understanding of the natural
variation of nutritional components in crop tissues, the database
also provides a measure of statistical dispersion for individual
analytes (i.e., ranges) and central tendency statistics (i.e., mean
values) (Ridley et al., 2004).
The ILSI-CCDB is an internationally recognized database that is
used extensively by researchers across many scientiﬁc disciplines
(e.g., plant, animal, and food sciences) for various research needs
(Kitta, 2013). Over 80,400 unique visits to the database website
were logged within one year (November 2014 through October
2015) from users in 127 countries. End-use of the database spans a
wide range of applications, including methodology comparisons
(Mitchell et al., 2015), assessment of natural variation (Berman
et al., 2010; Lundry et al., 2013), nutritional studies (Flachowsky
et al., 2005; Hyun et al., 2005), and crop breeder identiﬁcation of
nutritional components that are of particular interest (Jaradat and
Goldstein, 2014; Venkatesh et al., 2015). The database also provides
context to nutritional composition assessments of new crop
varieties developed through conventional methods or agricultural
biotechnology, by providing information on the inherent natural
variation in the nutritional composition of conventionally bred
crops.
Projects such as the ILSI-CCDB are part of the ILSI Research
Foundation’s mission to improve environmental sustainability
and human health by advancing science to address real world
problems (ILSI, 2015b). The ILSI-CCDB is managed by a working
group consisting of experts representing academia, government
agencies, and the agricultural and food industries. The working
group is coordinated by a program manager who ensures the
working group activities are conducted according to ILSI Research
Foundation ethics and guidelines.2 The CCDB program manager,
as the only member of the working group that is an employee of
the ILSI Research Foundation, serves as the database administrator
and therefore has sole access to aspects of the data that are
conﬁdential in nature (e.g., name of data submitter, plant varietal
name).
Working group members provide relevant scientiﬁc expertise
and technical understanding to direct periodic maintenance,
updates, and improvements to the database including veriﬁcation
of established acceptability criteria for all new data entered into
the database, publishing of newly available data, and incorporation
of new crops into the database. Additional input from external
experts is requested as needed. Additionally, the ILSI-CCDB
working group is engaged in outreach efforts to identify new
data providers and promote the database to end-users.2 ILSI. Retrieved November 11, 2015 from http://www.ilsi.org/Pages/Scientiﬁc-
Integrity.aspx.The previous version of the ILSI-CCDB, Version 4, introduced a
number of improvements to the database software and hardware
that provided a more user-friendly interface, signiﬁcantly faster
search speeds, added security, and user-customizable search
outputs downloadable in multiple electronic ﬁle formats (Alba
et al., 2010). These improvements were designed to better meet the
diverse needs of end-users, providing more ﬂexibility in output
report formatting along with the option to view and/or output
composition data in various units of measure. The improved
performance, stability, and accuracy established in ILSI-CCDB
Version 4 provided a solid foundation to enable the addition of new
data on a much larger scale in future version releases. The current
version of the database (Version 5), released October 2014,
contains a substantially greater amount of data, with the addition
of three new crops and a seven-fold increase in the total number of
data points.
These features, along with the relative convenience of keeping
the database up-to-date as future data become available, makes
the ILSI-CCDB a valuable resource for understanding the inherent
natural variability of nutritional composition in cultivated crops. In
this paper, we discuss the changes and improvements contained in
the ILSI-CCDB Version 5 compared to the previous version.
2. Summary of ILSI-CCDB version 5
With the release of Version 5, the number of data points
contained in the ILSI-CCDB increased to 842,500 data points, a
7-fold increase compared to the previous version (Table 1). New
data were added for the three crops already included in the
database (ﬁeld corn, soybean, and cotton), and also for three
additional crops (canola, rice, and sweet corn). Covering major
growing regions for each crop over a large number of years
(Table 2), the ILSI-CCDB Version 5 is a resource that provides a
representation of the inherent natural variability of nutritional
composition in these crops.
Because a principle purpose of the ILSI-CCDB is to be a resource
for understanding the natural variability of nutritional composi-
tion in major crop commodities, one objective of the database
update was to include data from additional crops. Canola, rice, and
sweet corn were prioritized by the ILSI-CCDB working group for
inclusion in the Version 5 release based on the quality and quantity
of data available. For each crop, a sub-team of experts was
established from the working group members to determine the
relevant technical requirements and to evaluate and approve the
appropriateness of proposed nutritional components and
analytical methodologies.
2.1. Canola
For canola, the data available for the Version 5 release were
derived from Brassica napus containing erucic acid content of less
than 2%. However, the common name “canola” also refers to
Brassica rapa and Brassica juncea varieties, as well as low erucic acid
and low glucosinolate rapeseed and conventionally bred varieties
with modiﬁed oil proﬁles. To ensure consistency of reporting, the
OECD (2011) deﬁnition of low erucic acid rapeseed (<2% erucic
acid in the oil and <30 mmol/g glucosinolates in seed/meal) was
adopted for B. napus reported in the ILSI-CCDB. As additional
canola data is added to the database in the future, each Brassica
species will be reported as a separate dataset.
2.2. Rice
For rice, most varieties grown worldwide belong to the species
Oryza sativa. Even though there are other species grown and
cultivated, data and information are limited. O. sativa has two
Table 1
Summary of data points in ILSI-CCDB Versions 4 and 5.
Crop Tissue Number of ILSI-CCDB Data Points
Version 4 Version 5
Canola (Brassica napus) Seed – 52,961
Cotton (Gossypium hirsutum) Acid Delinted Seed 12,057 50,182
Fuzzy Seed 3567 17,671
Field Corn (Zea mays) Forage 10,802 37,460
Grain 121,288 384,952
Sweet Corn (Zea mays) Kernel – 14,349
Rice (Oryza sativa) Grain – 835
Straw – 92
Soybean (Glycine max) Forage 929 19,721
Grain 17,822 265,190
TOTAL 166,465 843,413
Note: ILSI-CCDB is an abbreviation for the International Life Sciences Institute Crop Composition Database.
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(rice with hull) from indica and japonica can be processed for
human consumption to brown rice, milled rice, or parboiled rice. In
addition, paddy rice, rice hulls, bran, whole rice plants, and rice
straw can be used as animal feed. The data available for the Version
5 release represents components and analytes speciﬁc to O. sativa
species. The tissues analyzed for composition and included in
Version 5 are rice grain (paddy rice or rough rice) and rice straw.
2.3. Sweet corn
For sweet corn, there are distinct characteristics and commodi-
ty uses when compared with ﬁeld corn even though both are
identiﬁed as Zea mays. Field corn is harvested after ears have dried
in the ﬁeld and the dried grain is later processed into animal feed or
into corn meal, corn ﬂour, or oil for use in food products. In
contrast, sweet corn varieties are valued for their sweet taste and
milky texture and are consumed fresh when kernels are fully
developed and have a high moisture content. While the nutritional
quality of unprocessed dried ﬁeld corn grain is considered to be
relatively stable at ambient temperatures, sweet corn kernels areTable 2
Location and year of ﬁeld trials represented in ILSI-CCDB Version 5.
Field trial parameter Crop
Canola (Brassica napus) Cotton (Gossypium hirsutum) 
Location Australia
Canada
Chile
USA
USA 
Crop year 2008–2012 1998–2008, 2010–2012 
Note: All data points in the International Life Sciences Institute Crop Composition D
experimental design, sample collection, sample analysis, and data acceptance criteria (subject to rapid spoilage and a resulting decline in nutritional
quality due to the higher moisture content. Therefore, the crop-
speciﬁc characteristics, storage requirements, and nutritional
variability justiﬁed the reporting of ﬁeld corn and sweet corn
separately in the database, with requirements that sweet corn
samples be frozen immediately after harvest.
2.4. Software interface
The ILSI-CCDB Version 5 introduces a new software interface to
automate the upload, review, recall, and publishing of new data
sets submitted to the database. These tools are available on a
secured-access website, for which authorized users have speciﬁed
security access based on the following role designations: data
provider, data reviewer, and data manager (curator). Individuals
designated as data providers are authorized to upload, validate,
and submit new data to the database. Individuals designated as
data reviewers are authorized to conduct queries for submitted,
validated, and/or published data speciﬁc to their afﬁliated
organization. The data manager is the designated ILSI-CCDB
administrator who, in addition to managing the database, is solelyField corn
(Z. mays)
Sweet corn
(Z. mays)
Rice
(Oryza sativa)
Soybean
(Glycine max)
Argentina
Brazil
Bulgaria
Canada
Chile
France
Germany
Hungary
Italy
Philippines
Romania
Spain
USA
USA USA Argentina
Brazil
Canada
Chile
France
Italy
Puerto Rico
Romania
USA
1997–2013 2002, 2010 1998–1999 1998–2000, 2005–2013
atabase (ILSI-CCDB) were derived from regulated ﬁeld trials that met rigorous
ILSI, 2015a).
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assign and/or modify the authorizations granted to individual
users.
2.5. Standardized data entry and method codes
Implementation of well-deﬁned processes for data entry is
important to ensure data integrity. The ILSI-CCDB Version 5
implemented an important feature for standardization and
consolidation of existing analytical methods, along with an
optimized process for the addition of new method references
associated with newly submitted data. In the past, when submitted
data was generated using new or updated analytical methods for
nutritional analysis, the method references were assigned codes
for internal use within the database. The assignment of method
codes was sequential and often resulted in duplicate codes for
identical methods. In some cases, methods from organizations
such as the Association of Analytical Communities (AOAC) or the
American Association of Cereal Chemists (AACC) were identiﬁed by
two or more method codes, while the methods differed only by the
year of publication and the analytical methodology was un-
changed.
To achieve greater clarity in the relationship between existing
data and the associated method references, the literature
references associated with the data were closely examined to
identify redundancies and typographical errors. A standardized
format was enforced to allow for faster and easier curation of the
literature references, and a new coding system was applied to
prevent errors in future data submissions. Within this system, theDownload all  data from datab
Remov e all  data points wi
<LOQ  result
Verify consistent unit  of mea 
wit hin ea ch analyte
Verify that no result s have
negati ve values as a result  
err ors du ring unit  conversio
Condu ct first outli er test
Data set wit h <LOQ  result s 
outli ers from first and  seco
outli er tests remov ed
Condu ct second  outli er tes
(Data set wit h outli ers from
outli er test 1 removed)
Data
acc 
in
Crea te data set with 
<LOQ  result s
Data includ ed in database
Fig. 1. Summary of ILSI-CCDB Version 5 Data Validation Process. Flow chart summarizi
International Life Sciences Institute Crop Composition Database (ILSI-CCDB) Version 5 new method code is comprised of six alpha-numeric placeholders
with the ﬁrst two characters being letters that represent the
analyte category (e.g., AA for amino acids, BA for bioactives, VT for
vitamins) and the remaining four characters representing a
sequentially assigned number within each category. The process
of standardizing the literature citations and assigning the
simpliﬁed codes resulted in a total of 142 method entries in the
database being consolidated into 91, which provides greater
integrity and harmonization of the analytical method metadata
available to end-users of the database.
2.6. Automation of data validation procedures
A robust data validation strategy is very important to maintain
data integrity of any database (Bergdahl et al., 2007; Maydanchik,
2007). The data provider tools launched in ILSI-CCDB Version 5
automated this feature by validating the incoming data against a
Crop/Tissue/Analyte/Unit of Measure (CTAU) table to ensure that
data consistency and integrity was maintained. The CTAU table
deﬁned all authorized combinations of crop, tissue, analyte, and
units of measure (UOM), as well as deﬁned minimum and
maximum values for each analyte from each crop and tissue
combination. Additional steps in the data validation process
checked for controlled vocabulary that were deﬁned for analysis
method, method code, country and region; availability of
moisture value for each sample, and UOM consistency for each
analyte within a dataset. Any uploaded ﬁle containing one or
more data points that did not meet the data upload validation
requirements were rejected, and an error message was generatedase
th 
sure 
 
of 
n
Potenti al outli ers from 
first outli er test
and 
nd 
t
 
Potenti al outli ers from 
second  outli er test
Outli er data points 
returned to data 
prov iders for 
evaluati on
Data points confirmed 
inacc urately reported or 
unrepresentative:
exclud ed from database
 points confirmed as 
urately reported and 
representative:
clud ed in database
ng the outlier testing procedure that was performed on all data prior to release of
for each unique crop, tissue, and analyte combination.
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once the corresponding validation issues were resolved. Success-
fully uploaded ﬁles were maintained in a secure and conﬁdential
submissions area separate from the public database until
incorporation into the ILSI-CCDB in the next version release.
Data validation and testing are key steps of database
development (Bergdahl et al., 2007; Maydanchik, 2007). After
completion of data upload and prior to public release of Version 5,
existing data from Version 4 and all newly uploaded data were
subjected to exhaustive quality checks in order to identify and
correct any errors that may have occurred during data upload and
subsequent handling in the database. A ﬂowchart depicting the
procedure is provided in Fig. 1. All data points within each unique
crop, tissue, and analyte combination (CTA) were converted to the
same dry weight unit, except those reported as below the limit of
quantitation (<LOQ) for the analytical method. Checks were
performed to ensure that all appropriate CTAs had been
generated, that each CTA was converted to a single unit of
measure, and to verify that all results were non-negative
(negative values would indicate that an error occurred in the
unit conversion).
2.7. Outlier tests
A test was performed to identify potential outliers. All data were
downloaded from the database and data points with a <LOQ result
were removed from the data set that was used for subsequent
outlier testing. A check was then performed to verify that the units
of measure were consistent across all data points within each CTA
and that no results had negative values, which would indicate that
an error occurred during unit conversion.
Data points were identiﬁed as potential outliers based on the
absolute value of their studentized residual. This was accom-
plished by calculating the mean and standard deviation for each
CTA. Then, the studentized residual was calculated for each data
point by subtracting the mean for the corresponding CTA from the
result for each data point and dividing by the standard deviation.
Data points with a studentized residual that was greater than 6
were removed from the data set and the test was then repeated.
Data points that were identiﬁed as potential outliers in the two
iterative rounds of testing were listed and returned to data
providers for further review. Because each data provider possessed
the necessary background information and biological context for
their submitted data, the determination of the accuracy of the
potential outliers was the responsibility of the data provider.
Factors affecting this determination included potential transcrip-
tion errors, analytical abnormalities, anomalous environmental
conditions, or other biological effects that were not representative
of natural variability. After a full review of the potential outliers, a
total of 57 data points (48 from the ﬁrst iteration and 9 from the
second iteration of the outlier test) were excluded from the
database.
3. Conclusion
In conclusion, the ILSI-CCDB has historically been viewed as an
excellent source of crop composition data from conventionally
bred crops due to the large quantity of data contained within the
database for a comprehensive set of analytes. With the release of
Version 5, more data for existing crops and data for three new crops
have been added, and vigorous data validation and quality control
processes have been implemented. Updated software features
have made it easier to incorporate new data, so it can be submitted
on an on-going basis for incorporation into the next version release
of the database.4. Forward vision
The ILSI-CCDB working group will continue to make future
improvements to the database in order to maintain its current
status as a trusted resource for nutritional composition data.
Further improvements to the data provider and data curator tools
will greatly facilitate data upload and validation, and further
improvements to the searching and reporting functions on the
ILSI-CCDB website (ILSI, 2015a) will enhance the experience of
database end-users.
Subsequent versions of the database will be published
periodically when a sufﬁcient volume of new data is validated.
For both new and existing crops, the ILSI-CCDB working group
encourages submission of data meeting the data acceptance
requirements, and will work with crop experts to ensure inclusion
of appropriate crop-speciﬁc nutritional components.
A future goal of the ILSI-CCDB working group is to increase
outreach efforts, including seeking collaborations with ILSI and the
ILSI Research Foundation, to increase awareness of the ILSI-CCDB,
provide guidance to potential new data providers on how to meet
the data acceptance criteria, and to seek collaboration with
external experts when adding new crops to the ILSI-CCDB.
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